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SUMMARY

experimentalinvestigationof thestrengthof
webswithratiosofwebdepthtowebthickness

ofabout60me presented.An analysisofthebeamsindicatedthatthe
methodsof strengthanalysispresentedinNACA!lTJ2661areapplicable
tobesmswiththeflangessynnnetricallyarrangedwithrespecttothe
webiftheportal-frameeffectistakenintoaccount.

.

Strength-analysis

INTRODUCTION

methodsforplanediagonal-tensionwebsarepre-
. sentedinreference1 andareverifiedinreference2 forbeamswith

ratiosofwebdepthtowebthicknessofapproximately.115and~eater.
Verificationofthestrength-analysismethodsforlowervaluesofthe
ratioofwebdepthtowebthiclmessisdesirablebecausethemethods“
presentedinreference1 aresemiempirical.Theresultsofthestrength
testsonthe10besmstestedinthepresentinvestigationprovideveri-
ficationof thestrength-analysismethodsforbeamswithratiosofweb
depthtowebthicknessofapproximately60. Theresults ofthetests
anda discussionof theresultsarepresented.

SYMBOLS

Au cross-sectionalareaofupright,sqin.

he ,effectivecross-sectionalareaofupright,sq in.m

E Young’smodulus,ksi
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effectiveshearmodulus
andplastici~),ksi

moment

length

force,

of inertia,in.4

(includeseffectsofdiagonaltension 7

.,

betweenreinforcedha@, in.

kips

ultimate forceonbeam,kips

staticmomentofflangemea aboutneutral.axisofbeam,in.3

staticmomentaboutneutralsxisofwebareaaboveneutral
axis,in.3

transverseshearforceonbe-, kips

transverseshearforceonweb,kips

spacingofuprights,in.

clesrspacingbetweenuprights,in.

depthofbeam,in.

cleardepthofweb,in.

effectivedey’tiofbeam,in.

diagonal-tensionfactor

thicknessofweb,in.

criticalshearstress,ksi

calctitedcriticalshearstress,ksi

shearstressatultimateload,ksi

flangeflexibilityfactor,
0“7dG’ ‘here% am

~ sremomentsof inertia,abouttheirownaxisperpendicul&
toweb,of compressionflangeandtensionflange,respectively

.
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TESTSPECIMENS

,,

*

Tenbeamswith24.s-!13aluminum-alloywebsand24s-T4aluminum-alloy
flangesweretestedinthisinvestigation.w uprightswereon only

onesideof thewebandwereequal-leganglesof 24s-T4extrudedalumi-
numalloyexceptforbeam10whichhadamglesformedfrom24S-T3sheet.
AKlbeamshadratiosofwebdepthtowebthicknessof approximately60
andtheuprightswerearrangedto giveratiosofuprightspacingtoweb
depth d/h ofapproximately0.25or 0.50.Beams1,2, and3 hadflanges
whichwerenotsymmetricalaboutthewebbuthadtheverticallegsof
bothflangeanglesonthesamesideofthewebas shownin sectionA-A
offigure1. Theotherbeamsweresymmetrical,oneflangeangleon each
sideoftheweb,as showninsectionsB-BandC-Coffigure1. W up-
rightsofthesymmetricalbeamswerenotattachedto theflangesbut
werefittedtightlyinbetweenthem. Theendbaysandonebayon either
sideof thecenterof thebeamwerereinforcedwithanadditionalsheet
thesamethiclmessastheweb. Onesymmetricalbeamwasbuiltwithout
a weboruprightsexceptintheendandcenterbayswhichwerereinforced
intheotherbeams.Thisbeamwasusedtomeasuretheportal-frsme
effect.

The nominaldimensionsof thebeamsareshowninfigure1 andthe
actualpropertiesof eachbeamaregivenin table1.

Eachbeam”wasgivena codedesignationwhichparallelsthedesig-
nationsusedinreference2. Forexample,VI-11-2Shasthefollowing
meaning:

VI designatesthepresentseriesof tests(seriesI, II,III,IV,
andV werepublishedinref.2)

IL “istheapproximatedepthof thebeamin inches

2 isthenuniberofthebeamwithintheseries- .

s indicatessingleuprights ..

TESTPROCEDURE

Thespecimensweretestedas simplysupportedbeamsinthejig
showninfigure2,which’supportedthebem lateraldybutdidnot
restrainthebendingof thebeau. Eachof thevertical-guidebarshad
rollersbetweenit~d thefrsmesothatit couldmovefreely.On
severalbeams,theloadsontheendsupportsweremeasuredinaddition
tomeasuringtheloadappliedat thecentertodeterminethefriction

——. -— ———



4 NACATN2930

.

betweenthebeamandthesupportingstructure.Thisfrictionwasl-ess
than2 percentoftheappliedload.

.

Bucklingloadsforthewebsweredeterminedby observingthewebs
duringloadingandfromthemeasuredstrainsintheuprights.Theload
atwhichtheload-straincurvefortheuprightdepartedfroma straight
linewastakenasthebucklingload. Theuprightsareusuallyunstrained
ifthewebis”notbuckled;but,inthepresenttests,bendingofthe
uprightsasa resultofunsymmetricalconstructionor slightinitial
eccentricitiescausedsomestrainintheuprightsas soonasanyload
wasappliedto thebean.

Onbeams9and10,stkainsmeasuredby pairsofresistance-type
wirestraingagesonoppositesidesofthewebwereaveragedandthe
averagestrainsat ho and135°tothelongitudinalcenterlineofthe
beamwereusedto computetheshearstressesat O0 andgoo. Thesegages
werelocatedon.@e longitudinalcenterlineand~ inchesaboveand

4.. belowthecenterline.

Load-deflectionmeasurementsweremadeon severalbeamsaswellas
on thebeamwitha webintheendandcenterbaysonly. Thesemeasure-
mentswereusedindeterminingtheportionof thetotalbeamloadwhich
wascarriedby theportalframe.

Onbeams1,2,and
flangewereonthesame

RESULTSANDDISCUSSION %

3theverticallegsofbothanglesinthe
sideofthewebbecausethisarrangementallowed

the=inglewrightstobe attachedtotheflangewithoutjogglingthe ~~
uprights. Itwasapparentduringthetestsoftheseunsynnnetricalbeams
thatthefI.angesrolledandbentthewebalongtheedgeofthefhnge. “ ‘
An estimateof thedetrimentaleffectof thisbendingofthewebinthe “
unsymmetricalbeamsmaybe obtabedby comp&ingtheresultsoftestson
unsymmetricalbeams1 and3 withthe.ies~tsoftestson s~~ sym-
metricalbeams5 and8. Atfailure,thenominalshearstressinthe
webofbeam1 was18percentlessthaninbeam5 andinbeam3 thestress
was14percentlessthaninbeam8. Thisdetrimentaleffectresulting
fromtheunsymmetricalarrangementofthewebandflangeshasnotbeen “. .
notedinbeamswith ~ = KM or greater. . *

1
h a built-upbeamwithdeepheavyflangesandreinforcedendbays,

theportalframeformedby theheavyflxmgeandthereinforcedwebsec-
tionsconnectingthemmaycarrya significantpartof thetotalshearon u
thebeam. Thisportal-frameeffectwasdiscussedintheappendixof

.
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reference1 and
waspresented.

a formulaforobtaining
Theformulawhichgives

5

anapproximationofthiseffect
theratioof shearcarriedby

thewebto thetotalshearon thebesmis

(1)

where I isthemomentof inertiaofoneflangeaboutan axisthrough
thecenterofgravityoftheflangeperpendic@.artothewebplaneand
L isthelengthbetweenreinforcedbays.

W @e presentinvestigation,formula(1)wascheckedexperimentally
by twoapproxhatemethods.Thefirsthethodattemptedtoduplicati
experimentallytheanalyticalmanipulationswed inderivingfo~, (l);
Theshearcarried,bythewebwasobtainedbysubtract%fromthetotal
shearonthebeamtheshearc“=iedby theportalframewhenthetip
deflectionof theframewasthesameasthedefkctionofthebeam. By
usingthisexperimentalproceduretheratiooftheweb”shearto the
totalshearforbeams7 and8was 0.75just.beforethebeamsfailed.
Theratioobtainedfromformula(1)was0.77..

me othermethodof obtainingtheportal-frameeffectwhim was’
usedonbeams9 amd10wasto comp’utetheshearinthewebfromthe
measuredstrainsintheweb. Thedisadvantage.ofthismethodwas‘that
theindividualstrainsintheyebbecametoolargetomeasureatapproxi-
mately60percehtoftheloadrequiredtofailthebeams.Forlowloads,

.. ... ‘{

,.

.,

thismethodindicatedhigherratiosof shearinthe,webtothetotal
shear.thantheothermethods;but,itappearedfrom’extrapolatingthe
curvesshowingthe-ratioof shearcsrriedby thewebto thetotal.sheti
thatnearfailure..~eratiosobtainedby Wis methcdwouldbe aboutthe
same‘astieratib~;~btainedby measuriqgthedeflections. ... ‘6,
.. ‘!I!@:be@-.wereanalyzedbythemethodpresentedinreference-lwith

tie’~alueof.0”2~,computed.fromformula(l),beingusedfortheratio
of shear“sax’rtedby thewebto thetotalshearonthebeam. Theshear
rrtresses..i,n the webs at failurewerecomputedby theformula .‘....

.

. . .
.,-

~tit=%QTl+.2%
It () 3QF

.

(2)

r

., Pult
,, ihere~f=0.77y. Thisformula

thewebaccordingtotheengineering

---- . . . . .. . . .,. .,---

givesthe’averageshearstressin

theoryofbending.

_ —_—. -
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Thecritical
forseveralbeams
shearstress.

Theratio-of
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shearstressforthewebwasdeterminedexperimentally
andwaswithin10percentofthecalculatedcritical

theactualfailingloadtothepredictedfailingload
forwebrupme Ptit/Pwisgiveninthelastcolumnof table2. m
calculatingthestrengthofthewebsthebasicallowableshearstress
wascorrectedto theactualpropertiesof thematerialanditwasalso
assumedtobe increased5 percentbecauseof thefrictionintheweb-to-
fknge connectionwhentheboltsweredrawntight.Theratioofthe
actualtothepredictedfailingloadforeachofthesymmetricalbeams
pr~cted tofailbywebrupturewasbetweenl.lJand1.12. Strength
predictionsforbeamspredictedtofailbywebrupturewouldbe expected
toaverage10percentconservativebecausethepure’sheartestsfrom
whichtheallowablestresses weredeterminedshoweda scatterof~10per-
centaqdthebasicallowableshearstressusedinthestrengthpredic-
tionsrepresentstheloweredgeofthescatterbandofthepureshear
tests. Theresultsofthepresenttestsarethereforeapproximately
whatistobe expected.

Theavefigeratioof actualtdpredictedfailingloadforthebeams
predictedtofail,by forcedcripplingoftheuprightswas1.o8.Allthe’
symmetricalbeamstestedexceededthepredictedstrengthforupright
failure.Thin-webbeamswithuprightsnotconnectedto theflangesome-
timesfailbeforet@efullstrengthoftheweboruprightsisdeveloped
becausethewebwrinklesattheendsof theupri@tsandtheendsof the
uprightscutthroughtheweb. Therewasno indicationof thistypeof
failureinthethick-web,he’amsusedinthepresentinvestigation.

Thestiffeningratio ~)dt required.to givesimultaneousfailure
of thewebanduprightsmaybe estimatedfromthecurvesoffigure23(a)
inreference1. Thebeamsusedinthepresentinvestigationprovide
somechecksonthereliabilityofthesecurvesforestimatingstiffening
ratiosbfheavilyloadedbeams.Fora structuralindexofapproxi-

IUtdY25~d ~ * Q.SO,thestiffeningratiofora balanceddesign

wouldbebetweentheratiosforbeam6,whichfailed.by forcedcrippling
of theuprights,andbeam7,““whichfailedbywebrupture.Whentheload
onbeam6 wasincreasedslightlyabovethatnecessaryto causeforced
cripplingoftheuprights,thewebruptured.Thestiffeningratiowas
0.0748forbeam6 and0.IJJ2forbeam7. Thecurvesinreference1 show
thata stiffeningratioof0.08isrequiredina b-ceddesign.
Beam10,whichhada structuralindexofapproximately27 -d ~ = O.&,

,,
shouldhWe a stiffeningratioof0.1fora balanceddesign.Theactual
stiffeningratiowas0.0927Andsimultaneousfailureof theweband
uprightsoccurred.

.
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CONCLUDING“RRMRKs

Themethodsofpredictingthecriticalshearstresses,forced-
cripplingfailureofuprights,and-ruptureofwebspresen~dinNACA
TN 2661areapplicableto stiffenedwebswithratiosofwebdepthto
webthiclmessof60providedtheflang&sarearrangedsymmetrically
aboutthewebandtheportal-frameeffectisaccountedforbefore
analyzingtheweb. Theaccuracyof thestrengthpredictionsforbeams
withratiosofwebdepthtowebthicknessof60 isaboutthesameasfor
thebeamsdiscussedinNACATN2662whichhadratiosofwebdepth.@.web
thicknessof 115or greater.

LangleyAeronautical.Laboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va., February17,1953.
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Beam

VI-11-lS

VI-U-23

VI-11-3S

VI-11-4S

VI-11-5S

vI-ti-6s

VI-11-TS

VI-11-8S

VI-1.l-~

VI-11-1OS

he)
in.

m 62

=.62

u.62

u,12

11.12

11.12

11.12

11.12

11.12

I.1.lz

hc)

in.

8:5

8.5

8.5

7.0

7.0

,7.0

“7.0

7.0

7.0

7.0

.,

.’

TABLE 1

~ROP~ OF THT BEAM!

t,
in.

o.2c53

.2078,

.z#6

.20%

.2a9

.2019

,2089

.2073

.20s9

.2034

d,
in.

6.0

6.0

6.0

6.0

6.0

6.0

6.0

6.0

3.0

3.0
—

Uprights,
in.

o

Au,
Sq in.

0.0763

.1170

.1755

.cti43

.0’7$3

.O*

.1394

.1758

~.0316

.056s

0.024.0

.0332

.CE544

.01!!-4

.0245

.0317

.0371

.c536

.0093

.0149

3.0620

.0938

.1460

.0435

.0632

.0748

.1112

.1412

.“

.G5r2

.0927

@

dt

3.0195

.0267

.0452

.Oils

.0198

.0262

.0295

.0430

.Olsl

.0245

(cd

0.*

.96

.96

.%

.96

.96

.96

,96

.48

.48



Beam

VI-11-X3
vI-11-2s
VI-11-3S

VI-EL-4’S

VILL5S

VI-U-63

VI-U.-7S
VI-UA3S

VI-11-$E!

VI-11-los

Ta
Calc‘
I-Sal

27.0
27.0
27.0

26.0

28.0

28.0

28.0
28.0

28.0

28.0

Pdt)
tips

16s
175
ml

192

192

186

203
208

184

198

26.6
28.0
29.8

31.9

32.3

32.0

33.6
34.7

31.0

33.7

>

TAME 2

TEST DATA AND F@WTJTH

~1.llt

‘Wcalc

----

1.04
1.10

1.14

1.1.5

1.14

1.20
1.24

l.il

1.20

k

----

I.008
.020

.028

.030

.028

.039

.047

.022

.039

Predicted F’~t

(

Pm,
kips

18”5
187
197

18a

176

175

1%)
191

177

177

‘%Ubscriptehave the followingmeaning:
FC f&ced-cripplingfailure
w web rupture

b
Averagedees not Includebeeme 1, 2, and 3 wlti

)

1$)2
193
1%

182

184

lV

183
1%

181

179

Observed
failure

Web
Web
Web

Forced
crippling
Forced
crippling
Forced
cripplQ

Web
Web

Forced
Crippliq
Web and
forced
crippling

Averageb

~d.t

Pm

0.89
.94
----

1.07

1.09

1.06

----
----

1.04

1.lz

I.08

0.87
.91
.97
----

----

----

1.1.1
1.I.2
----

1.11

1.1-1

flamgeenot symmetricalaboutweb.
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~66~ Section A-1A

f=o.50

Two thicknesses of sheet
r

TLI1“

I I

I 66~ Section B-B

+0.50

r
13

LI
I 66~ Section C-C

d =0.25FI
=&=

Figure1.-Testbeams.
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